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Introduction
The total apple production of the world ranges is more 
than 69 million tonnes. Regarding the harvested area, Asia 
has a leading role as about 66% of apple is produced here. 
Presently, in Hungary about 34000 hectares of apple orchards 
can be found, from which approximately 500 thousand tonnes 
of fruits could be harvested (FAOSTAT, 2010), although in 
the last period the production was reduced (Gonda & Apati, 
2011). 
Sometimes, the big amount of harvested fruits must 
be stored due to in absence of market and the fruit quality 
could be preserved with correct storage method and after 
the storage could increase the economic proﬁ t of fruit 
production. But often, chilling injury could cause the most 
common disorders by industry. It is a physiological damage 
to fruit cell membranes that may occur at any time due 
to harmful environmental conditions during the growing 
season, transportation, distribution, or storage, at the retail 
store, or even in a home refrigerator. Membrane damage is 
often followed by a cascade of secondary effects, such as 
ethylene production, an increase in respiration, a decrease 
in photosynthesis, and an alteration of cellular structure 
causing the fruits to be more susceptible to diseases. This 
injury ﬁ rst appears as a very slight browning discoloration 
of the ﬂ esh, sometimes accompanied by core browning (El 
Masry et al., 2009). The skin of fruits content of chlorophylls, 
carotenoids and anthocyanins as well as their proportions 
determine fruit color and appearance (Saure, 1990; Abbott, 
1999) and serve as markers of quality (Merzlyak et al., 
2003), but in many cases the chilling injury disorder of 
apples can progress quickly to make the fruit unmarketable 
(Reay, 1999; Watkins & Jackie Nock, 2004). Some internal 
symptoms and external defects could be detected by 
remote sensing methods in visible (VIS) and near infrared 
(NIR) ranges. Pen et al. (1985) judged good and bruised 
peeled apple tissue by the computed a special distance 
measurement (Mahalanobis distances) at 16 wavelengths 
(equally spaced between 350 and 700 nm). Upchurch et al. 
(1990) used a wider range (400–1000 nm) to detect bruised 
and non-bruised areas on whole ‘Red Delicious’ apples. For 
the objective result some vegetation indices are available to 
detecting physiological changes during the life of plant or 
fruits, or after the storage, respectively. The leaf chlorophyll 
content is closely re lated to plant stress and senescence 
(Hendry et al., 1987; Merzlyak & Gitelson, 1995). Due to 
the senescent of leaves the chlorophyll content is deceased. 
One of the oldest, most well known and most frequently used 
vegetation index is the Normalized Difference Vegetation 
Index (NDVI) by Rouse et al. (1973), which use of the 
highest absorption and reﬂ ectance regions of chlorophyll 
make it robust over a wide range of conditions. The Simple 
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Ratio (SR) index is another old and well known vegetation 
index, which is similar to the NDVI (Jordan, 1969). In case 
of very high spectral resolution reﬂ ectance data, such as 
from hyperspectral sensors, could be used the Red Edge 
Normalized Difference Vegetation Index (NDVI
705
) and the 
Modiﬁ ed Red Edge Simple Ratio (mSR
705
) indices. These 
indexes are more sophisticated measures of general quantity 
and vigor of green vegetation than the broadband greenness 
vegetation indexes. A third greenness vegetation index is 
the Modiﬁ ed Red Edge Normalized Difference Vegetation 
Index (mNDVI
705
), which incorporated a correction for leaf 
specular reﬂ ection. These vegetation indices differ from 
the NDVI by using bands along the red edge, instead of 
the main absorption and reﬂ ectance peaks (Sims & Gamon, 
2002).
The plant senescent and fruit storage injuries could 
be investigated by several indices as well. The Plant 
Senescence Reﬂ ectance Index (PSRI) is designed to 
maximize the sensitivity of the index to the ratio of 
bulk carotenoids (for example, alpha-carotene and beta-
carotene) to chlorophyll (Merzlyak et al., 1999). The 
Browning Reﬂ ectance Index could provide information 
about senescent of leaves and/or ripening of fruits too 
(Chivkunova et al., 2001). 
Materials and methods
In our experiment we examined the spectral characteristic 
of the peel and ﬂ esh of two apple varieties to assessment the 
effect of injury during the chilling storage. We have measured 
and evaluated the spectral differences between the fruits. The 
Jonagored (Golden Delicious x Jonathan) is one of the most 
dark red mutation of Jonagold. The fruit has bright red skin 
and sweet, juicy, aromatic ﬂ esh. The other variety was the 
Granny Ramsey Smith. The fruit has hard, light green skin 
and a crisp, juicy ﬂ esh. 
First, we measured fresh, healthy fruits without symptoms 
and damages (which cut equal slices), then we put the samples 
into the refrigerator to simulated the effect of cold storage. 
The chilling storage was taken more than 3 weeks under 
3 °C. After storage we repeated the spectral measurement.
The reﬂ ectance spectra were measured by AvaSpec 2048 
Fiber Optic Spectrometer within 400–1000 nm interval. The 
AvaSpec 2048 system consists of a spectrometer (detector) 
and connected by an 8 μm core diameter ﬁ ber optic standard 
AvaLight-HAL halogen light source. The light source has 
about 1 μWatt light energy input to result the permanent 
light intensity in the whole measure range. The accurate 
measurement was provided by a special spectral sampling 
Figure 1. Changes of spectral curves due to the chilling storage
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back box, since the samples were isolated from the variable 
external light.
Before the spectral measurement begin, the AvaSpec 
2048 Spectrometer had to be calibrated by white and dark 
references. The special type of reference unit is WS-2 
reference tiles, was made out of white diffuse PTFE 
(polytetraﬂ uoroethylene) based material, meeting the highest 
demands with regard to high grade diffuse reﬂ ectance. In 
case of calibration the distance of the reﬂ ection probe and 
reference tiles, thus the samples were 3 cm. 
We processed the spectral data in the AvaSoft USB2, 
which is the own software of AvaSpec 2048 Spectrometer 
and Microsoft Ofﬁ ce Excel™. Some parameters could be 
investigated based on spectral curves in the visible (VIS) and 
near infrared (NIR) ranges to detect the chilling injury of 
fruits during the storage. 
Results and discussion
The characteristic of reﬂ ectance curves of both fruit 
varieties were followed form the absorption properties of fruit 
tissues. Depending on the amount of anthocyanin content, 
the spectral curves were different at 450–570 nm wavelength 
intervals. The peel of Granny Smith variety consisted more 
chlorophyll, than Jonagored, thus increased the reﬂ ectance 
in lower wavelength range in case of Granny Smith. The 
reﬂ ectance values on valley of spectral proﬁ les at 677 nm 
simulated the absorption of chlorophyll in the red range; as 
well as thanks to the more red pigments the reﬂ ectance values 
were higher on the valley in case of Jonagored (Figure 1). All 
of greenness indices (NDVI
705
, mNDVI
705
, and mSR
705
) were 
conﬁ rmed the chlorophyll degradation on the skin during the 
storage. We did not ﬁ nd signiﬁ cant change on chlorophyll 
content after chilling storage.
The Granny Smith ﬂ esh contained chlorophyll as well, 
which could be seen chlorophyll absorption valleys at 677 
nm. The lower reﬂ ectance values in the visible range shows 
decreasing of anthocyanin in the ﬂ esh. 
In order to numerically observe the effect of chilling 
storage and browning of fruits were created indices from 
the reﬂ ectance values at given wavelengths. There is a close 
correlation between the Plant Senescence Reﬂ ectance Index 
(PSRI) and Browning Reﬂ ectance Index (BRI) as well as 
plant fruit ripening, fruit diseases affecting or leaf senescent. 
PSRI and BRI are deﬁ ned by the following equations:
The results show that these indices were higher values 
after storage in the most cases due to the brownish oxidation. 
The indices are appropriate for examined the browning of 
the ﬂ esh based on the spectral characteristic of the peel. The 
BRI of Jonagored skin was lower after storage than before 
storage. The BRI is not directly applicable for red-coloured 
apple fruit, since the presence of anthocyanins in their peel 
causes a signiﬁ cant decrease of R
550
 (Merzlyak & Chivkunova 
2000) interfering with the browning pigment assessment 
(Figure 2). 
We have created a new reﬂ ectance index (SERI), 
which numerically shows the effect of storage. The results 
were similar to the PSRI ns BRI, since the values of after 
storage were higher in all of cases (Figure 2). The SERI was 
calculated by the following equation: 
The water content of the ﬂ esh was decreased during the 
storage, which could show another index. The Water Band 
Index (WBI) is sensitive to changes in fruit or canopy water 
status. The WBI could be calculated from R
900
 and R
970 
in the 
NIR region. 
Conclusion
The effect of cold storage cause chilling injuries for the 
internal skin and/or the external ﬂ esh of fruits. Developed 
hyperspectral tools and methods could give opportunity 
to support a nondestructive technique for assessing the 
postharvest quality of fruits. These techniques would be 
beneﬁ cial to correctly classify them in different quality 
Figure 2. The created indices to detecting the effect of chilling storage
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levels. Further experiments are needed to ﬁ nd correlation 
between external chilling defect and internal browning of 
fruits to select the highest quality of fruits after storage.
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